The human Y chromosome defines male sex through the action of the sex determining region (SRY). It is an atypical segment of the human genome, since it is haploid in most of its length, escapes recombination with the X chromosome, and undergoes uniparental transmission. These properties make the Y chromosome sequence a valuable tool for the purposes of human history reconstruction and studies focused on the dispersal of anatomically modern humans. The non-recombining region of the Y (NRY) is inherited as a single locus that changes exclusively via mutations accumulating over time, thus allowing the preservation of a relatively simple record of genetic history in comparison to nuclear DNA (autosomes).
Introduction
The human Y chromosome defines male sex through the action of the sex determining region (SRY). It is an atypical segment of the human genome, since it is haploid in most of its length, escapes recombination with the X chromosome, and undergoes uniparental transmission. These properties make the Y chromosome sequence a valuable tool for the purposes of human history reconstruction and studies focused on the dispersal of anatomically modern humans. The non-recombining region of the Y (NRY) is inherited as a single locus that changes exclusively via mutations accumulating over time, thus allowing the preservation of a relatively simple record of genetic history in comparison to nuclear DNA (autosomes).
There has been an interest in studying paternal genetic history since the mid-80s (e.g. Casanova et al. 1985; Hammer 1994; Underhill et al. 2000) . A constantly growing number of evolutionary informative polymorphisms provide a deeper resolution of human paternal history and evolution. Currently, there are more than 300 known SNPs (single nucleotide polymorphisms) and small indels (YCC 2002; Jobling and Tyler-Smith 2003) . In evolutionary genetics terminology, the set of alleles at different biallelic loci along the chromosome is called a haplogroup.
Assuming a 1:1 sex ratio, the effective population size of the Y chromosome in a population would be about one-quarter of that of any autosome. Consequently, a genetic difference depicted by Y chromosomes, in comparison to autosomes, is more susceptible to the effects of random genetic drift that accelerates geographic clustering and differentiation between different (especially small) populations. The general structure of paternal genealogies is compatible and indicative of the common origin of all non-African contemporary populations from a small subset of Africans. Despite disagreement about the time to the most recent common ancestor (TMRCA) of the Y chromosome, its phylogeny roots in Africa around 100 KYA (e.g. Hammer et al. 1998; Underhill et al. 2001; Underhill 2003) .
The first extensive studies of European Y chromosome dispersal by Semino et al. (2000) and Rosser et al. (2000) showed clinal patterns for the most frequent European haplogroups. Moreover, Semino et al. (2000) grouped more than 95% of European Y chromosomes into 10 phylogenetically distinct haplogroups, of which 70-80% of the Y chromosome gene pool was represented by R1a, R1b, I and N3, and the remaining 20% by J2, E3b, and G.
Palaeolithic haplogroups
Haplogroup I is the only autochthonous European haplogroup assumed to have arisen in an Epi-Gravettian group among the descendants of people who arrived in Europe from the Near East around 25 KYA (Semino et al. 2000) . This haplogroup is almost entirely restricted to the European continent, where it shows frequency peaks in two areas -Scandinavia and Southeastern Europe (Semino et al. 2000) . Further phylogenetic subdivision revealed subclades I1a, I1b*, I1b2, and I1c (Rootsi et al. 2004) . The geographical distribution of I1a (the highest frequencies in Northern Europe among Norwegians, Swedes and Saami) is considered to be a result of the recolonization of Europe after the LGM from the Francocantabrain refugial area (Rootsi et al. 2004) . The origin of the less frequent I1c, that covers a wide range of Europe and peaks in northwest coastal Europe, is in concordance with I1a (Rootsi et al. 2004) . A completely different distribution pattern is observed in I1b* Y chromosomes, the most frequent haplogroup I clade in Eastern Europe and on the Balkan Peninsula. I1b* reaches maximum frequencies in Southeastern Europe in Bosnia and Herzegovina (Fig. 1) .
Our results indicate that the homogenous distribution of elevated I1b* frequency among different populations in Southeastern Europe could support the hypothesis of their having a common paternal history shared over a long period of time (Peri≠i≤ et al. 2005 (Fig. 3a) . Even though R1b frequency decline continues from Western to Southeastern and Southern Europe, two intermediate local peaks are evident in Southeastern Europe (Fig. 3b) . According to our data, in Southeastern Europe the coalescent estimate of R1b (11.6 ± 1.4 KYA) closely matches the estimate for the I1b* lineages, pointing to the Younger Dryas to Holocene transition as a possible expansion period of these two major Y chromosome lineages (Peri≠i≤ et al. 2005) .
Neolithic haplogroups
Approximately 20% of European Y chromosomes belong to haplogroups E3b, J2 and G that, due to their decreasing frequency gradients from the Near East to Europe, have been traditionally considered to re- present the male contribution of a demic diffusion of farmers (e.g. Semino et al. 2000; Semino et al. 2004; Cruciani et al. 2004 ). E3b1 shows a frequency peak in Southern and Southeastern Europe (Fig. 4a) . In fact, E3b1 shows a rather continuous frequency decline in Southeastern Europe (Fig. 4a) . Populations of the Adriatic-Dinaric complex are distinguished from neighboring populations of the Vardar-Morava-Danube river system by a lower frequency of E3b1 (Fig. 4b) , possibly due to its different dispersal modes in two proximate geographic regions. Moreover, the Vardar-Morava-Danube river system could have been one of major routes for E3b1 expansion from South and Southeastern to continental Europe, as evidenced in the archeological record (e.g. Tringham 2000) . The estimated age of this haplogroup of 7.3 ± 2.8 KYA in Southeastern Europe accords with the time of expansion of the Neolithic in Europe (Cruciani et al. 2004; Semino et al. 2004 ).
Haplogroup J is subdivided into two major clades, J1-M267 and J2-M172 (Cinnioglu et al. 2004) . J2-M172 is more frequent in Europe . In Southeastern Europe the most frequent is haplogroup J2e, which comprises 5% of all chromosomes (Peri≠i≤ et al. 2005) , while haplogroup J2, the main J2 cluster among Greeks and Italians (Di Giacomo et al. 2004) , is present at a frequency of less than 1%. The estimated age of the haplogroup J2e in Southeastern Europe (2.8+1.6 KYA), together with its spatial distribution (two frequency peaks positioned in the Balkans and central Italy, Figs. 5a and 5b), may be explained by the maritime spread of J2e lineages from the southern Balkans towards the Apennines later than is traditionally suggested by the demic expansion model (Peri≠i≤ et al. 2005) .
Concluding remarks
Even though the distribution and estimated range expansions of major paternal lineages in Southeastern Europe are consistent with the typical European Y chromosome gene pool, the specific role of this region in the process of structuring the European paternal genetic landscape is evident in the following prehistoric episodes of significant gene flow: the post-LGM R1a expansion from Eastern to Western Europe, the YD-Holocene I1b* diffusion out of the 
